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OBERT E. SCHOEN,*,‡ JOEL L. WEISSFELD,*,‡ LEWIS H. KULLER,*,‡ F. LELAND THAETE,§

HOBERT W. EVANS,‡ RICHARD B. HAYES,¶ and CLIFFORD J. ROSEN�

Departments of Medicine, ‡Department of Epidemiology, and §Department of Radiology, University of Pittsburgh, Pittsburgh, Pennsylvania;
Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, Maryland; and �The Jackson Laboratory, Bar Harbor,

aine

t
m
s
t
v
b
s
c
t
a
C
V
i
a
a

p
t
s
s
i
2
i
C
a
p
l
g
p
g
a
f
a

l
p

ackground & Aims: Insulin and insulin-like growth fac-
or-I (IGF-I) affect proliferation, differentiation, and apopto-
is and are potential risk factors for colorectal cancer
CRC). Visceral obesity, possibly via hyperinsulinemia, has
lso been linked to CRC risk. We evaluated the relationship
f insulin, IGF-I, insulin-like growth factor binding protein
IGFBP) 3, and visceral adipose tissue (VAT) in subjects
ith adenomatous polyps, the precursor lesion of colorec-

al cancer. Methods: Participants were asymptomatic sub-
ects who underwent screening flexible sigmoidoscopy
FSG) within the Prostate, Lung, Colorectal, and Ovarian
PLCO) Cancer Screening Trial. Subjects underwent single-
lice, computerized tomography scanning to measure VAT
nd serum fasting insulin, IGF-I, and IGFBP-3 measure-
ents. Results: Four hundred fifty-eight subjects were en-

olled, of which 202 subjects had an adenoma, 70 of which
ere an advanced adenoma. IGF-I (P � .02), IGF-I/IGFBP-3

atio (P � .003), and insulin (P � .02) were significantly
ncreased in subjects with adenomas compared with con-
rols. In an unadjusted logistic regression analysis using
ex-specific quartile cut points, subjects in quartile 4 in
omparison with quartile 1 of IGF-I (odds ratio [OR] � 1.7;
95% CI: 1.0–2.9], Ptrend � .03), IGF-I/IGFBP-3 ratio (OR

1.9 [95% CI: 1.1–3.3], Ptrend � .01), and insulin (OR �
.1 [95% CI: 1.2–3.6], Ptrend � .04) were at increased risk
f adenoma. When limiting the case group to advanced
denomas, the effect was more pronounced: IGF-I (OR �
.8 [95% CI: 1.3–6.2], Ptrend � .006), IGF-I/IGFBP-3 ratio
OR � 2.3, [95% CI: 1.0–5.2], Ptrend � .04), and insulin
OR � 2.3 [95% CI: 1.1–4.9], Ptrend � .14). Visceral
dipose tissue was not associated with adenoma risk.
onclusions: Levels of IGF-I, ratio of IGF-I/IGFBP-3, and

nsulin are associated with adenomas and even more so
ith advanced adenomas. These data support the hypoth-
sis that insulin and IGF-I may contribute to the develop-
ent and advancement of adenomatous polyps.

nvironmental risk factors for colorectal cancer (CRC)
including fat, fiber, or micronutrient intake do not

xplain the link between obesity,1–3 diabetes,4–6 or phys-

cal activity1,7,8 and CRC risk. An alternative hypothesis
hat incorporates these factors into a pathophysiologic
odel for CRC risk uses insulin resistance and hyperin-

ulinemia to link obesity and CRC risk.9,10 Support of
he “insulin hypothesis” of CRC is provided by in
itro11–13 and epidemiologic data showing a relationship
etween diabetes and obesity and especially visceral obe-
ity and CRC.3,5,6,14 Studies have demonstrated an asso-
iation between waist circumference or waist-to-hip ra-
io, surrogate measures of intraabdominal fat or visceral
dipose tissue (VAT), and subsequent development of
RC8,15 and large adenomatous polyps (�1cm in size).14

isceral obesity is strongly associated with increased
nsulin levels.16–19 Physical inactivity is associated with
n increased amount of visceral adipose tissue20,21 and has
lso been linked to increased risk for CRC.1,7,8

An association between serum insulin15 or serum C-
eptide and incident CRC22,23 has also been observed. In
he Cardiovascular Health Study cohort, the risk of sub-
equent colon cancer was 2.0- to 2.6-fold increased in
ubjects in the highest quartile compared with the lowest
n waist circumference, waist to hip ratio, fasting and
-hour postprandial glucose, and 2-hour postprandial
nsulin.15 A biologic basis for a central role for insulin in
RC pathogenesis has been established because insulin
nd insulin-like growth factors (IGFs) stimulate cell
roliferation in the colonic mucosa and in carcinoma cell
ines and affect apoptosis.9,11–13 IGFs and insulin-like
rowth factor binding proteins (IGFBPs) also have im-
ortant roles in cell cycle regulation and possess mito-
enic and antiapoptotic properties.24 IGF-I, IGFBP-3,
nd the ratio of the 2 have been implicated as risk factors
or CRC, although not consistently.25 Because insulin
nd IGF-I can be measured in blood, these factors could

Abbreviations used in this paper: CRC, colorectal cancer; IGF-I, insu-
in like growth factor-I; IGFBP-3, insulin-like growth factor binding
rotein-3; VAT, visceral adipose tissue.

© 2005 by the American Gastroenterological Association
0016-5085/05/$30.00
doi:10.1053/j.gastro.2005.05.051
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ave public health impact if they were determined to be
risk factor for adenoma or cancer.
The association of insulin and insulin-like growth

actor to adenomatous polyps has been examined previ-
usly in a limited fashion, in small numbers of pa-
ients.26–28 Because of the growth-promoting effects of
nsulin and IGFs and their possible association with
nvasive CRC, it is important to examine the relationship
f these factors to adenomatous polyps, the precursor
esion of CRC. We concurrently evaluated the relation-
hip of insulin, IGF-I, IGFBP-3, and VAT in asymp-
omatic subjects who presented for screening flexible
igmoidoscopy.

Materials and Methods

Population

Subjects in this study are drawn from enrollees, orig-
nally recruited through mass mailings, in the intervention
rm of the Pittsburgh site of the Prostate, Lung, Colorectal,
nd Ovarian Cancer Screening Trial (PLCO), a multicenter,
andomized clinical trial evaluating the effect of cancer screen-
ng tests on site-specific cancer mortality.29 Over 154,000
ubjects have been enrolled in the PLCO trial nationally, and
early 17,000 were enrolled in the broader Pittsburgh region
etween 1993 and 2000. Subjects in the intervention arm of
he trial undergo periodic cancer screening tests including
hest x-ray, flexible sigmoidoscopy, and, for men, digital rectal
xam and PSA and, for women, CA-125 and vaginal ultra-
ound. Subjects are referred to personal physicians for evalua-
ion of screen-detected abnormalities and tracked to determine
he results from subsequent diagnostic workups. Pathologic
ndings are based on the local, community pathologist’s in-
erpretation and not subject to central review. Participants in
he PLCO trial met the following eligibility criteria: (1) age
5–74 years; (2) not currently undergoing treatment for cancer
xcept basal cell or squamous cell skin cancer; (3) no known
rior cancer of the colon, rectum, prostate, lung, or ovaries; (4)
o surgical removal of colon, lung, ovary, or prostate; (5) not
articipating in another cancer screening or cancer prevention
rial; (6) males not taking Proscar in the past 6 months,
emales not taking Novaldex in the past 6 months; (7) able to
rovide informed consent; (8) no more than 1 PSA test in the
ast 3 years (for subjects randomized after April 1995); and (9)
o colonoscopy, sigmoidoscopy, or barium enema in the past 3
ears (for subjects randomized after April 1995).

Subjects for this substudy underwent a screening flexible
igmoidoscopy as part of the trial and were invited by mail to
articipate. Subjects with a “polyp” on sigmoidoscopy were
referentially approached (69.2%) in comparison with subjects
ho had a negative flexible sigmoidoscopy exam (30.8%), to

ncrease the population with an adenoma, but without knowl-
dge of the specific pathologic findings at diagnostic colonos-
opy at the time of recruitment. To encourage balance between

ases and controls, we randomly selected controls according to e
ex, age (5-year age blocks), and PLCO recruitment period (3
onth blocks) of the cases. Subjects were recruited over a

-year period between January 1998 and November 1999.
Participants were asked to undergo a single-slice CT scan

hrough the L4-L5 interspace for quantification of visceral
dipose tissue and, at a separate visit, a fasting blood draw and
ubcutaneous adipose tissue aspiration. Case subjects who un-
erwent diagnostic colonoscopy for a polyp found on sigmoid-
scopy participated in this study after their diagnostic workup
as complete and their polyps had been removed. The median

ime from polypectomy to blood draw in subjects with ade-
omas was approximately 1 year. The intended sample size
alculated for detecting a difference in visceral adipose tissue
etween subjects with adenomatous polyps and controls was
50. Overall, 480 of 981 (48.9%) subjects invited by mail
greed to participate. Control subjects included those with
onadenomatous findings on colonoscopy and subjects with a
egative screening sigmoidoscopy. Subjects who underwent
olonoscopy were characterized on the basis of the most ad-
anced finding and grouped into advanced adenoma, nonad-
anced adenoma, and nonadenomatous polyp (eg, hyperplastic
olyp) categories. An adenoma was defined as advanced if it
ontained villous features (villous or tubulovillous), was large
�1 cm as estimated by the endoscopist), or had severe dys-
lasia.
To investigate the potential for selection bias created as a

onsequence of nonparticipation, we compared, among men
nd women, the age, race, marital status, education, cigarette
istory, history of diabetes, and body mass index (BMI) of
nrolled and nonenrolled individuals. Older men and younger
omen approached to serve as potential control subjects were
ore likely to enroll (P � .05), but no other factor was

ssociated with differential enrollment.

Measurement of IGF-I, IGFBP-3, and Insulin

The serum was initially frozen at �70°C and shipped
n bulk for analysis. Analyses were performed on serum from
he first thaw cycle. IGF-I was extracted using acid ethanol
ryoprecipitation to remove residual IGFBPs from the serum30

http://members.mint.net/ea6bii/rogue/Methods.html). Subse-
uently, the supernatant was assayed for IGF-I using a poly-
lonal Ab to IGF-I (Nichols Institute, San Juan Capistrano,
A). IGFBP-3 was analyzed by an immunoradiometric assay

IRMA) methodology (DSL, Webster, TX). All samples were
xtracted and assayed in duplicate by personnel blinded to
heir case control status. Each batch of 38 samples was ana-
yzed simultaneously with 2 in-house controls. The interassay
oefficient of variation for IGF-I was 7.1% and for IGFBP-3
.5%. The molar ratio was calculated by multiplying
.7*IGF-I/IGFBP-3. Fasting insulin was measured via a 125I
adioimmunoassay (Linco Research, Inc.), with a coefficient of
ariation of 2.6%.

Measurement of Visceral Adipose Tissue

Subjects were scanned with a 9800-CT scanner (Gen-

ral Electric, Milwaukee, WI). The L4-L5 interspace was de-

http://members.mint.net/ea6bii/rogue/Methods.html
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ermined by review of the lateral scout film of the lower
umber spine. An axial single slice through the L4-L5 in-
erspace measuring 10-mm thickness was performed at 120
V(p) and 170 mA with a scanning time of 2 seconds. Ab-
ominal adipose tissue was calculated using commercially
vailable CT software (GE Medical Systems, Milwaukee, WI).
dipose tissue area was determined electronically by setting

he region of interest for attenuation values within the range of
190 to �30 Hounsfield units. Small alterations of the
ounsfield unit range do not significantly alter VAT measure-
ents.31–33 Using the trace function, the boundary separating

ubcutaneous and visceral fat was defined manually using a
ursor, and the intraabdominal VAT area was recorded. Pre-
ious investigation has confirmed the reproducibility and re-
eatability of this technique.34,35 Retroperitoneal adipose tis-
ue was included in the VAT measurement. Total fat was
etermined by adding the sum of visceral and subcutaneous
dipose tissue.

Statistical Methods

We assessed the statistical significance of observed
ifferences involving continuously distributed variables with
he 2-sample t test and nonparametric Wilcoxon test. Spear-
an correlation coefficients were calculated to evaluate associ-

tions involving insulin, IGF-I, IGFBP-3, molar ratio of IGF-
/IGFBP-3, and demographic, anthropometric, and fat
istribution measurements. A value P � .05 was considered
tatistically significant. To detect nonlinear and dose-response
elationships, we used sex-specific cut points based on the
ntire study group to categorize subjects into quartiles accord-
ng to hormone measures (IGF-I, IGFBP-3, IGF-I/IGFBP-3
olar ratio, and insulin), BMI, body weight, VAT, subcuta-

eous (SQ) fat, total abdominal fat, VAT as a percentage of
otal abdominal fat, and SQ fat as a percentage of total
bdominal fat. We examined the case vs control distribution
ccording to blood hormone or body fat distribution quartile.

e used unconditional logistic regression to estimate crude
nd adjusted strengths of association between adenoma status
nd quartile-based measurements (SAS version 8.01; SAS In-
titute, Inc., Cary, NC). We used the Wald statistic to assess
inear trend in regression models that used quartile-based
xposures expressed as an ordinal variable on an integer scale (0
s 1 vs 2 vs 3).

Results

Enrollment included 480 subjects, 304 men
63.3%) and 176 women (36.7%). Of the 304 men, 277
nderwent CT scanning (91.1%), and 295 (97.0%) un-
erwent serum testing. Of the 176 women, 169 under-
ent CT scanning (96.0%), and 173 (98.3%) underwent

erum testing. Of the 480 subjects, 22 were excluded
rom further analyses because of absence of diagnostic
ollow-up for the abnormality detected at screening flex-
ble sigmoidoscopy (n � 20) or because of the presence

f adenocarcinoma of the colon (n � 2), leaving 458 for 0
tudy. A breakdown of the demographics; the risk factors
or colon adenomas; and the measures of body size,
dipose tissue distribution, and insulin and IGF by sex
re reported in Table 1. Two hundred two subjects had
denomatous polyps, and 256 did not have adenomas
etected: 100 of which had no adenomas detected at
iagnostic colonoscopy, and 156 of which had a negative
creening flexible sigmoidoscopy. Of those with adeno-
as, 70 (34.6%) had an advanced adenoma, and 132

65.3%) had nonadvanced adenomas.
A comparison of adenoma subjects (advanced and non-

dvanced) with the nonadenoma control group and an
nalysis comparing association across all 3 groups are
resented in Table 2. The adenoma group had a larger
ercentage of males (69.3% vs 59.0%, respectively, P �
03) and tended to be less educated (P � .06). The
denoma group did not significantly differ from the
onadenoma group in prior history of diabetes, aspirin,
SAID, or cigarette use or family history of CRC (Table

). Subjects with advanced adenoma had a lower preva-
ence of regular aspirin use over the preceding 12 months
ompared with the nonadvanced adenoma or to the non-
denoma control group (29% vs 45% and 41%, respec-
ively, P � .08). Although the adenoma group had
imilar weight, height, and BMI to the nonadenoma
roup, CT scanning showed that the nonadenoma group
ad more subcutaneous fat (P � .006) but a similar
mount of visceral fat (P � .96). Visceral fat as a per-
entage of total fat differed across the 3 groups (P �
005), with subjects with nonadvanced adenomas having
he largest percentage.

Analysis of measures of insulin and IGF across all
roups showed that IGF-I levels were increased in sub-
ects with adenomas (P � .02) and were highest in the
dvanced adenoma group, intermediate in the nonad-
anced adenoma group, and lowest in the control group
132.3 � 46.6 ng/mL vs 126.3 � 48.4 ng/mL vs 117.1

44.6 ng/mL, respectively, P � .03). The IGF-I/
GFBP-3 ratio was greater in subjects with adenomas
ompared with controls (P � .003), as were the insulin
evels (20.5 vs 19.6 �U/mL, respectively, P � .02).
nsulin level did not differ between advanced and non-
dvanced adenoma subjects (P � .88).

Insulin level was not correlated with IGF-I (r �
0.003, P � .94) nor IGFBP-3 (r � �0.01, P � .81),

ut IGF-I was correlated with IGFBP-3 (r � 0.57, P �
0001). BMI (r � 0.56, P � .0001) and visceral fat (r �
.53, P � .0001) were strongly correlated with insulin
evel but were not correlated with IGF-I (r � �.003, P

.95; r � 0.02, P � .61, respectively) or IGFBP-3 (r �

.04, P � .45; r � �0.02, P � .63), respectively. A
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ore complete correlation matrix has been previously
eported.19

The flexible sigmoidoscopy control group was similar
o the colonoscopy control group (data not shown), ex-
ept the former included more never smokers (55% vs
4%, respectively, P � .001) and had persons with
ignificantly lower median insulin levels, 13.2 (inter-
uartile range, 9.5–23.2) compared with 15.5 (inter-
uartile range, 11.0–23.2) �U/mL, respectively (P �

002). This difference was not attributable to subjects
ith hyperplastic polyps in the colonoscopy control
roup because there was no significant difference in

able 1. Baseline Characteristics of the Sample Population

emographics
Age (y), mean � standard deviation
Race

White
Non-white

Education
Less than high school graduate
High school graduate
College graduate

isk Factors
History of colon polyp
History of diabetes

egular aspirin use
Aspirin use dose intensity among regular users

1 or more/day
1–4/week
�3/month

egular NSAID use
SAID use dose intensity among regular users
1 or more/day
1–4/week
�3/month

igarette smoking history
Never cigarette smoker
Ex-cigarette smoker
Current cigarette smoker

amily history of colorectal cancer
easures of body size, mean � standard deviation
Weight (lb)
Height (in)
BMI (kg/m2)
Visceral fat (cm3)
Subcutaneous fat (cm3)
Total fat (cm3)
Visceral fat (%)
easures of insulin/IGF, mean � standard deviation
IGF-I (ng/mL)
IGFBP-3 (ng/mL)
IGF-I/IGFBP-3 ratio
Insulin (�U/mL)

ote. The values in parenthesis are percentages.
N � 166.
N � 159.
N � 282.
nsulin level (P � .57) or IGF-I level (P � .27) within t
he colonoscopy control group between subjects with or
ithout hyperplastic polyps.
In an unadjusted analysis using sex-specific quartile

ut points comparing adenoma with nonadenoma sub-
ects (Table 3), subjects in quartile 4 in comparison with
uartile 1 of IGF-I (OR � 1.7 [95% CI: 0.98–2.94],
trend � .03), of IGF-I/IGFBP-3 ratio (OR � 1.9 [95%
I: 1.1–3.3], Ptrend � .01), or of insulin (OR � 2.1

95% CI: 1.2–3.6], Ptrend � .04) had a significantly
ncreased risk of adenoma. An analysis adjusted for age,
ace, education, history of polyp, aspirin use, NSAID use,
moking, and family history of CRC did not substan-

Men, N � 291 (%) Women, N � 167 (%)

64.3 � 5.4 63.7 � 5.1

279 (96) 158 (95)
12 (4) 9 (5)

23 (8) 4 (2)
152 (52) 110 (66)
116 (40) 53 (32)

20 (7) 14 (8)a

21 (7) 11 (7)
120 (41) 66 (38)
N � 120 N � 64

70 (58) 31 (48)
31 (26) 19 (30)
19 (16) 14 (22)
60 (21) 56 (34)

N � 60 N � 56
23 (38) 16 (29)
15 (25) 23 (41)
22 (37) 17 (30)

95 (33) 102 (61)
145 (50) 48 (29)
51 (18) 17 (10)
25 (9) 12 (7)

N � 266 N � 160
195.0 � 32.9 164.6 � 36.8b

69.9 � 2.8 64.4 � 2.5
28.1 � 4.4 28.0 � 6.0b

202.4 � 92.0 163.4 � 76.4
278.9 � 111.1 387.1 � 127.6
481.3 � 177.0 550.5 � 185.4
41.7 � 9.5 29.1 � 7.3

N � 283 N � 164
129.5 � 46.1 109.2 � 43.8

3048.9 � 692.1c 3431.6 � 661.9
0.156 � 0.04c 0.116 � 0.033

20.9 � 31.9 18.4 � 17.6
ively change the results (Tables 3–5). When the case
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roup was restricted to advanced adenomas, in either an
nadjusted or adjusted analysis, the effect was more
ronounced: Subjects in quartile 4 relative to quartile 1
f IGF-I (OR � 2.8 [95% CI: 1.3–6.2], Ptrend � .006),
GF-I/IGFBP-3 ratio (OR � 2.3 [95% CI: 1.0–5.2],
trend � .04), or insulin (OR � 2.3 [95% CI: 1.1–4.9],
trend � .14) had an increased risk of advanced adenoma
elative to controls (Table 4). Comparison of the nonad-
anced adenoma group with the control group did not
emonstrate an association with IGF-I (Table 5), but
here was a significant increased risk of nonadvanced
denoma in subjects in quartile 4 of insulin level in
omparison with quartile 1 (OR � 2.0 [95% CI: 1.0–

able 2. Comparison of Advanced Adenoma, Nonadvanced A

Advanced adenoma
N � 70 (%)

No

emographics
Age (y), mean � standard deviation 64.3 � 5.4
Sex

Male 44 (63)
Female 26 (37)

Race
White 69 (99)
Non-white 1 (1)

Education
Less than high school graduate 4 (6)
High school graduate 44 (63)
College graduate 22 (31)

isk Factors, N (%)
History of colon polyp 6 (9)
History of diabetes 4 (6)
Regular aspirin used 20 (29)
Regular NSAID used 14 (20)
Cigarette smoking history

Never cigarette smoker 26 (37)
Ex-cigarette smoker 38 (54)
Current cigarette smoker 6 (9)

Family history of colorectal cancer 8 (11)
easures of body size, mean �

standard deviation N � 65
Weight (lb) 177.9 � 34.3
Height (in) 67.5 � 3.7
BMI (kg/m2) 27.5 � 4.4
Visceral fat (cm3) 171.6 � 71.1
Subcutaneous fat (cm3) 310.2 � 119.0
Total fat (cm3) 481.8 � 162.8
Visceral fat (%) 35.9 � 10.0
easures of Insulin/IGF N � 69
IGF-1 (ng/mL) 132.3 � 46.6
IGFBP-3 (ng/mL) 3294 � 735f

IGF-1/IGFBP3 ratio 0.148 � 0.042f

Insulin (�U/mL) 18.5 � 10.5

P value comparing adenoma (advanced plus nonadvanced) to contro
P value for association across all 3 groups, using �2 and Kruskal–W
N � 131.
Defined as �3/month over preceding 12 months.
N � 234.
N � 68.
.7], Ptrend � .07) (Table 5). Additional adjustments l
or BMI, percentage of visceral fat, or insulin or IGF-I
id not change the relationship between insulin or IGF-I
nd adenomas, nor did exclusion of diabetics, or mutual
djustment of IGF-I and IGFBP-3 or mutual adjustment
f insulin and IGF-I.

The combination of a jointly elevated IGF-I and an
levated insulin level is demonstrated in Figure 1. An
ge-adjusted logistic regression model examining the
ategoric effect of being in quartile 4 of insulin and
GF-I compared with quartile 1 for each variable dem-
nstrated an OR for adenoma status of 3.8 (95% CI:
.7–7.0). There was no statistically significant interac-
ion between IGF-I and insulin (P � .10, �2

9 � 14.66,

ma, and Control Subjects

anced adenoma
� 132 (%)

Control (Non-Adenoma)
N � 256 (%) P Valuea P Valueb

.8 � 5.2 64.3 � 5.4 .70 .59

96 (73) 151 (59) .03 .03
36 (27) 105 (41)

128 (97) 240 (94) .14 .06
4 (3) 16 (6)

11 (8) 12 (5) .18 .06
80 (61) 138 (54)
41 (31) 106 (41)

7 (5)c 21 (8) .55 .48
6 (5) 22 (9) .30 .13

59 (45) 105 (41) .08 .68
34 (26) 68 (27) .53 .49

51 (39) 120 (47) .03 .16
53 (40) 102 (40)
28 (21) 34 (13)
10 (8) 19 (7) .54 .56

N � 126 N � 235
.5 � 34.9 184.2 � 39.5e .42 .79
.4 � 3.8 67.6 � 3.8 .07 .12
.8 � 4.2 28.4 � 5.6e .56 .36
.6 � 90.3 189.6 � 91.5 .40 .96
.4 � 135.0 332.9 � 126.5 .01 .006
.0 � 194.0 522.5 � 181.6 .01 .03
.4 � 10.6 36.0 � 10.7 .005 .02

N � 126 N � 252
.3 � 48.4 117.1 � 44.6 .03 .02
55 � 709 3179 � 695 .46 .81
47 � 0.037 0.136 � 0.043 .01 .003
.5 � 20.2 19.6 � 33.4 .08 .02

jects.
test for categoric and continuous measures, respectively.
deno

nadv
N

63

185
68
27

192
299
472
39

126
31
0.1
21

l sub
allis
og likelihood ratio test).
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able 3. Quartile Analysis of Adenoma to Control Subjects

Quartile 1 Quartile 2 Quartile 3 Quartile 4 P trend

MI (kg/m2)
Quartile range

Men �25.1 �25.1, �27.5 �27.5, �30.6 �30.6
Women �24.3 �24.3, �27.2 �27.2, �31.0 �31.0

Cases/controls 51/54 46/58 44/59 41/59
OR (95% CI)a 1.00 0.84 (0.49–1.45) 0.79 (0.46–1.36) 0.74 (0.42–1.28) .27
OR (95% CI)b 1.00 0.85 (0.47–1.54) 0.77 (0.42–1.40) 0.64 (0.34–1.19) .15

isceral fat (cm3)
Quartile range

Men �136.6 �136.6, �187.6 �187.6, �254.4 �254.4
Women �109.4 �109.4, �155.0 �155.0, �206.1 �206.1

Cases/controls 50/55 41/62 49/54 42/60
OR (95% CI)a 1.00 0.73 (0.42–1.26) 1.00 (0.58–1.72) 0.77 (0.44–1.33) .59
OR (95% CI)b 1.00 0.83 (0.46–1.52) 0.89 (0.47–1.67) 0.87 (0.47–1.63) .52

ubcutaneous fat (cm3)
Quartile range

Men �201.7 �201.7, �267.1 �267.1, �336.9 �336.9
Women �295.1 �295.1, �368.3 �368.3, �476.9 �476.9

Cases/controls 55/47 40/64 44/59 43/61
OR (95% CI)a 1.00 0.53 (0.31–0.93) 0.64 (0.37–1.11) 0.60 (0.35–1.05) .13
OR (95% CI)b 1.00 0.58 (0.32–1.07) 0.75 (0.41–1.40) 0.53 (0.28–0.98) .16

otal fat (cm3)
Quartile range

Men �361.0 �361.0, �468.7 �468.7, �575.8 �575.8
Women �418.7 �418.7, �531.4 �531.4, �680.6 �680.6

Cases/controls 53/50 44/59 45/60 40/62
OR (95% CI)a 1.00 0.70 (0.41–1.22) 0.71 (0.41–1.22) 0.61 (0.35–1.06) .10
OR (95% CI)b 1.00 0.77 (0.42–1.41) 0.75 (0.41–1.37) 0.57 (0.30–1.08) .09

isceral fat (%)
Quartile range

Men �35.2 �35.2, �41.9 �41.9, �48.0 �48.0
Women �24.1 �2.1, �28.8 �28.8, �33.8 �33.8

Cases/controls 42/63 41/57 53/54 46/57
OR (95% CI)a 1.00 1.08 (0.62–1.89) 1.47 (0.85–2.54) 1.21 (0.70–2.10) .32
OR (95% CI)b 1.00 1.13 (0.61–2.10) 1.37 (0.77–2.45) 1.17 (0.62–2.22) .37

GF-I (ng/mL)
Quartile range

Men �99 �99, �125 �125, �155 �155
Women �80 �80, �101 �101, �129 �129

Cases/controls 37/63 41/60 48/50 57/57
OR (95% CI)a 1.00 1.16 (0.66–2.05) 1.64 (0.93–2.88) 1.70 (0.98–2.94) .03
OR (95% CI)b 1.00 1.18 (0.64–2.19) 1.59 (0.85–2.97) 1.86 (1.02–3.41) .03

GFBP-3 (ng/mL)
Quartile range

Men �2548 �2548, �3074 �3074, �3497 �3497
Women �2995 �2995, �3371 �3371, �3800 �3800

Cases/controls 42/58 49/57 44/58 47/57
OR (95% CI)a 1.00 1.19 (0.68–2.06) 1.05 (0.60–1.83) 1.14 (0.65–1.98) .77
OR (95% CI)b 1.00 1.21 (0.66–2.20) 1.12 (0.60–2.05) 1.12 (0.59–2.11) .81

GF-I/IGFBP-3 ratio
Quartile range

Men �0.130 �0.130, �0.152 �0.152, �0.179 �0.179
Women �0.093 �0.093, �0.114 �0.114, �0.138 �0.138

Cases/controls 34/64 44/64 52/49 52/53
OR (95% CI)a 1.00 1.29 (0.74–2.28) 2.00 (1.13–3.53) 1.85 (1.05–3.25) .01
OR (95% CI)b 1.00 1.15 (0.61–2.16) 1.91 (1.03–3.53) 1.68 (0.92–3.08) .04

nsulin (�U/mL)
Quartile range

Men �10.7 �10.7, �15.0 �15.0, �21.5 �21.5
Women �9.9 �9.9, �13.7 �13.7, �21.1 �21.1

Cases/controls 39/68 50/56 41/61 53/45
OR (95% CI)a 1.00 1.56 (0.90–2.69) 1.17 (0.67–2.05) 2.05 (1.17–3.59) .04
OR (95% CI)b 1.00 1.88 (1.03–3.45) 1.17 (0.64–2.15) 2.11 (1.14–3.92) .05

Odds ratio relative to quartile 1, unadjusted.
Odds ratio relative to quartile 1, adjusted for age (years, 1 degree of freedom [df], race (1 df), education (2 df), history of polyp (1 df), aspirin

se (3 df), NSAID use (3 df), cigarette smoking history (2 df), and family history of colorectal cancer (1 df).
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Discussion

We used a screening population to examine the
elationship of insulin, IGF-I, and VAT to adenomatous
olyps. We found a statistically significant relationship
odds ratios ranging between 1.7 and 2.1) for IGF-I,
GF-I/IGFBP-3 ratio, and insulin to adenoma status in
omparison with nonadenoma controls. This association
as more pronounced when limiting the case group to

dvanced adenomas (odds ratios ranging between 2.3 and
.8). These results provide support for a relationship
etween insulin and IGF-I and adenomatous polyps, the
recursor to CRC, confirming a link between these ana-
ytes and early neoplasia. The stronger association with
dvanced adenomas is suggestive that insulin and IGF-I
ay be factors that stimulate nonadvanced adenomas to

rogress to advanced adenomas. External factors that
ause adenomas to develop additional genetic mutations
nd advance to invasive cancer have not been previously
dentified. Our study is the largest to date and benefits
rom utilizing an asymptomatic population, which min-
mizes selection bias related to clinical factors associated
ith adenoma detection. Furthermore, it includes a sub-

able 4. Quartile Analysis of Advanced Adenoma to Control S

Quartile 1 Quartile 2

GF-I
Quartile range

Men �99 �99, �125
Women �80 �80, �101

Cases/controls 11/63 13/60
OR (95% CI)a 1.00 1.24 (0.52–2.98)
OR (95% CI)b 1.00 1.40 (0.53–3.72)

GFBP-3
Quartile range

Men �2548 �2548, �3074
Women �2995 �2995, �3371

Cases/controls 13/58 12/57
OR (95% CI)a 1.00 0.94 (0.40–2.23)
OR (95% CI)b 1.00 0.95 (0.36–2.45)

GF-I/IGFBP-3 ratio
Quartile range

Men �0.130 �0.130, �0.152
Women �0.093 �0.093, �0.114

Cases/controls 11/64 16/64
OR (95% CI)a 1.00 1.45 (0.63–3.38)
OR (95% CI)b 1.00 1.49 (0.57–3.91)

nsulin
Quartile range

Men �10.7 �10.7, �15.0
Women �9.9 �9.9, �13.7

Cases/controls 14/68 19/56
OR (95% CI)a 1.00 1.65 (0.76–3.58)
OR (95% CI)b 1.00 2.45 (1.02–5.89)

Odds ratio relative to quartile 1, unadjusted.
Odds ratio relative to quartile 1 adjusted for age (years, 1 df), race (1
3 df), cigarette smoking history (2 df), and family history of colorect
tantial population of advanced adenoma subjects and t
enefits from concurrent measurement of insulin and
GF and a highly accurate CT scan measurement of
dipose tissue distribution. Our study advances the in-
ulin hypothesis of CRC by extending its association to
denomas and by suggesting that these factors may stim-
late adenoma progression.
The adenoma-carcinoma sequence, supported by

trong circumstantial evidence, has become an accepted
aradigm of CRC pathogenesis.36 According to this hy-
othesis, CRC begins as a benign adenomatous polyp,
nd, when accompanied by a progression of genetic mu-
ations in genes such as K-ras, the SMAD family, DCC,
nd p53, some adenomas can advance and become inva-
ive CRC.37 Although the majority of CRC may evolve
hrough the adenomatous polyp phase, the prevalence of
denomatous polyps exceeds the incidence of CRC. Au-
opsy studies and studies of screening colonoscopy show
hat 20%–40% of the population harbor adenomatous
olyps,38,39 which greatly exceeds the 6% lifetime risk of
RC.40 Little is known about the factors that trigger or
dvance adenomas to progress to cancer. Study of these
actors is difficult because adenomas are removed when

cts

Quartile 3 Quartile 4 P trend

�125, �155 �155
�101, �129 �129

12/50 28/57
1.38 (0.56–3.38) 2.81 (1.28–6.16) .006
1.38 (0.52–3.69) 3.44 (1.37–8.64) .005

�3074, �3497 �3497
�3371, �3800 �3800

20/58 18/57
1.54 (0.70–3.38) 1.41 (0.63–3.14) .24
1.79 (0.76–4.23) 1.30 (0.52–3.23) .28

�0.152, �0.179 �0.179
�0.114, �0.138 �0.138

15/49 21/53
1.78 (0.75–4.22) 2.31 (1.02–5.21) .04
1.68 (0.63–4.44) 1.85 (0.76–4.51) .06

�15.0, �21.5 �21.5
�13.7, �21.1 �21.1

10/61 21/45
0.80 (0.33–1.92) 2.27 (1.05–4.92) .14
0.91 (0.33–2.49) 2.27 (0.95–5.41) .16

education (2 df), history of polyp (1 df), aspirin use (3 df), NSAID use
cer (1 df).
ubje

df),
hey are encountered during the clinical practice of
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olonoscopy, and thus factors that affect progression can-
ot be directly observed. Environmental factors are crit-
cal to the evolution of adenoma into carcinoma. The
apid increase in CRC incidence and mortality that oc-
urs with migration from a low-incidence region to a
igh-incidence region points strongly to environmental
actors in the etiology of CRC.41,42 Similarly, dramatic

igure 1. Age-adjusted odds ratio of adenoma risk examining the joint

able 5. Quartile Analysis of Nonadvanced Adenoma to Cont

Quartile 1 Quartile 2

GF-I
Quartile range

Men �99 �99, �125
Women �80 �80, �101

Cases/controls 26/63 28/60
OR (95% CI)a 1.00 1.13 (0.60–2.15)
OR (95% CI)b 1.00 1.10 (0.54–2.22)

GFBP-3
Quartile range

Men �2548 �2548, �3074
Women �2995 �2995, �3371

Cases/controls 29/58 37/57
OR (95% CI)a 1.00 1.30 (0.71–2.39)
OR (95% CI)b 1.00 1.42 (0.72–2.80)

GF-I/IGFBP-3 ratio
Quartile range

Men �0.130 �0.130, �0.152
Women �0.093 �0.093, �0.114

Cases/controls 23/64 28/64
OR (95% CI)a 1.00 1.22 (0.64–2.34)
OR (95% CI)b 1.00 1.08 (0.52–2.22)

nsulin
Quartile range

Men �10.7 �10.7, �15.0
Women �9.9 �9.9, �13.7

Cases/controls 25/68 31/56
OR (95% CI)a 1.00 1.51 (0.80–2.84)
OR (95% CI)b 1.00 1.73 (0.85–3.54)

Odds ratio relative to quartile 1, unadjusted.
Odds ratio relative to quartile 1, adjusted for age (years, 1 df), race (1
3 df), cigarette smoking history (2 df), and family history of colorect
Fategorical effect of insulin and IGF-I quartile status.
hange in CRC mortality within a country over as short
period as a few decades argues against a purely genetic

ause and points strongly to the influence of the envi-
onment, in conjunction with host genetic susceptibility,
n CRC expression.43,44

The association of diabetes with CRC is fairly consis-
ent,4–6 and a recent study demonstrated an increased
isk of CRC among subjects with type 2 diabetes on
nsulin therapy.45 However, the relationship between
GF-I and CRC is less clear.25 A nested case control study
f men in the Physician’s Health Study demonstrated an
ncreased risk of CRC in subjects in the highest quintile
f IGF-I (OR � 2.5, Ptrend � .02) and a decreased risk
ith a higher IGFBP-3 (OR � 0.28, Ptrend � .005).46

n 2 nested case control studies in women, one showed a
elationship between IGF-I and IGFBP-3 and CRC and
dvanced adenoma, and not with early adenoma,47 and a
econd showed no association between IGF-I or IGFBP-3
nd CRC.22 A study in Northern Sweden demonstrated
hat IGF-I was associated with an increased risk of colon
ancer (OR � 2.66, Ptrend � .03) but with a decreased
isk of rectal cancer (OR � 0.33, Ptrend � .09).48

ubjects

Quartile 3 Quartile 4 P trend

�125, �155 �155
�101, �129 �129

36/50 29/57
1.75 (0.93–3.26) 1.23 (0.65–2.34) .30
1.65 (0.81–3.35) 1.28 (0.63–2.61) .33

�3074, �3497 �3497
�3371, �3800 �3800

24/58 29/57
0.83 (0.43–1.59) 1.02 (0.54–1.91) .69
0.78 (0.37–1.62) 1.16 (0.55–2.45) .72

�0.152, �0.179 �0.179
�0.114, �0.138 �0.138

37/49 31/53
2.10 (1.11–3.98) 1.63 (0.85–3.12) .05
2.11 (1.05–4.26) 1.52 (0.75–3.08) .15

�15.0, �21.5 �21.5
�13.7, �21.1 �21.1

31/61 32/45
1.38 (0.74–2.60) 1.93 (1.02–3.69) .07
1.39 (0.71–2.71) 2.04 (0.99–4.21) .09

education (2 df), history of polyp (1 df), aspirin use (3 df), NSAID use
cer (1 df).
rol S

df),
inally, a recent cohort study in Japanese-American men
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n Hawaii showed a general lack of statistical significance
etween baseline IGF-I or IGFBP-3 and subsequent
RC.49

Because 75% of IGF-I is bound to IGFBP-3, and more
han 20% is bound to other high-affinity IGFBPs of
ower molecular weight, little IGF-I is circulating free. It
as initially theorized that the combination of a high

irculating level of free IGF-I and/or a low IGFBP-3,
uch as was observed in the Physician’s Health Study,
as associated with an increased risk of cancer because of
further increase in free IGF-I. However, IGFBP-3,

ither through binding IGF-I or by acting through an
ndependent cell surface receptor, can oppose or enhance
he biologic action of IGF-I,50 and thus may have a
idirectional effect on tumor behavior.25 The lack of
ssociation in some studies of IGF-I and IGFBP-3 and
RC is not likely to be due to fluctuating serum levels
ecause studies of the repeatability of IGF demonstrate
tability over weeks51,52 and even over longer durations
1 to 3 years).22,53 This further suggests that our mea-
urement of IGF-I is a good barometer of IGF-I status in
he years preceding the clinical detection of adenomas.
lthough different assay techniques have been suggested

s an explanation for the heterogenous results observed
ith IGF-I and IGFBP-3 and CRC, when assessed, dif-

erent assays were highly correlated.48 A recent meta-
nalysis of IGF-I and IGFBP-3 and CRC showed only a
odest association with IGF-I and no protection with

GFBP-3, and regression models could not confirm a
ose-response association of IGF-I and CRC.25 Thus, the
ssociation of IGF-I with CRC has not been consistently
bserved, but the source of this inconsistency is unclear.

Few studies have examined the relationship of insulin
r IGF-I/IGFBP-3 to adenomatous polyps.26–28 Two
mall cross-sectional studies provide conflicting evidence
n the relation of IGF-I and IGFBP-3 and adenomas, one
howing no association26 and another showing an asso-
iation with high-risk, advanced adenomas, in compari-
on with a combined grouping of low-risk adenomas and
ormal subjects.27 Our study is the largest and most
omprehensive evaluating the relationship between these
nalytes and adenomatous polyps. Even if subsequent
esearch demonstrates that IGF-I and IGFBP-3 are not
ssociated with CRC, it is possible that IGF-I could
mpact the development and advancement of adenomas
ut not necessarily be associated with progression to
nvasive CRC. This is because, even with advanced ade-
omas, only a minority progress to invasive cancer.54 In
ontrast, insulin may be a growth factor for adenomas
nd for CRC.

Although insulin and IGFs are often lumped together

hen considering a possible causal relationship to cancer, u
he determinants of insulin and IGF-I and IGFBP-3
iffer.19,55 Thus, although considerable data show that
nsulin levels are strongly influenced by VAT or abdom-
nal obesity, VAT is not associated with IGF-I.19,56 Sim-
larly, on a biologic basis, the relationship between in-
ulin and IGFs is complex. Insulin can affect the
ioactivity of IGF-I by a variety of possible mechanisms,
ncluding altering growth hormone receptor levels in the
iver57 and by affecting hepatic IGFBP-1 and IGFBP-2
roduction.58 Our data suggest that the effect of insulin
nd IGF-I on adenoma status is independent of each
ther. Although our sample size is limited, which incurs
wide confidence interval, examination of the combina-

ion of being in the top quartile for both insulin and
GF-I produced a point estimate of a nearly 4-fold in-
reased risk for adenoma. Larger studies are needed to
etermine more precisely the relationships between in-
ulin, IGF-I, and adenomatous polyps.

Although our findings demonstrate a convincing re-
ationship between insulin and IGF-I and adenomatous
olyps, neither VAT nor BMI were associated with ad-
noma status or advanced adenomas in these data, yet
nsulin is highly correlated with VAT.19 A recent small
tudy found no association between VAT and recurrence
f adenomatous polyps.59 Perhaps other factors accom-
any VAT, which confound its relationship to adenoma
tatus.

Limitations of our investigation should be acknowl-
dged. Dietary and lifestyle factors can affect IGF-I and
GFBP-3 and could have influenced our results. In a
ecent study in men,60 high caloric intake was associated
ith a lower ratio of IGF-I/IGFBP-3. A diet high in
rotein and minerals has been associated with an in-
reased IGF-I level and to a lesser extent, an increase in
he IGF-I/IGFBP-3 ratio.53 We did not incorporate di-
tary or physical activity data into our analysis, and
hysical activity may affect insulin levels. Also, we did
ot account for glycemic load, which has been associated
ith CRC in some studies61 but not others.62,63 Smoking
as not associated with decreased IGF levels in men,60

lthough it was in women,64 but adjustment for smoking
id not affect our results. Insulin measurements in this
tudy were fasting, whereas, in the Cardiovascular Health
tudy, a stronger association with CRC was observed
ith postprandial as opposed to fasting insulin.15 How-

ver, our design did not allow measurement of a post-
randial insulin level. C-peptide, which has a longer
alf-life than insulin and may correlate to both fasting
nd nonfasting insulin status23 has been associated with

2- to 3-fold increased risk of CRC in prospective
tudies.22,23 Sixty percent of our control group did not

ndergo complete colonoscopy; some of whom could be
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isclassified because of the presence of adenomas in the
roximal colon. However, there is less than a 3% prev-
lence of an advanced adenoma in the proximal colon
fter a negative sigmoidoscopy.65,66 Because the natural
istory of adenomas is altered by polypectomy, it will be
ifficult to determine in a clinical population whether
nsulin or IGF-I actually cause an adenoma to develop or
dvance. Our study is a cross-sectional study of prevalent
denomas. We cannot be certain whether insulin or
GF-I causes adenomas to advance or whether adenomas
ause insulin or IGF-I to increase. However, blood spec-
mens were collected well after polypectomy, which sug-
ests that insulin and IGF-I affected adenomas, rather
han vice versa. Our measurement of IGF-I is likely to be
epresentative of the IGF-I level over the preceding
everal years,22 and the stronger association of insulin and
GF-I with advanced adenomas as opposed to nonad-
anced adenomas is suggestive that insulin and IGF-I
ontribute to the growth and progression of adenomatous
olyps.53 Finally, our analysis is based on serum levels,
nd we cannot account for the autocrine or paracrine
roduction and effect of IGF-I. The serum level may only
e an approximation of the tissue or physiologic effect.
In conclusion, insulin, IGF-I, and the ratio of IGF-I/

GFBP-3 are associated with adenomas and even more so
ith advanced adenomas. These data support the hy-
othesis that insulin and IGF-I may contribute to the
evelopment and advancement of adenomatous polyps.
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